Introduction
============

The face is the container and the source of rich social information, such as gaze, emotional expressions, and language. Not surprisingly, human adults preferentially orient to and look longer at images of faces compared to other competing stimuli ([@B33]; [@B38]). This preference is likely regulated by specific properties of the face -- primarily, its configuration and contrast polarity, i.e., the reciprocal arrangement of three dark elements, the eyes and the mouth, surrounded by a lighter-colored area ([@B40]). The same factors influence the orientation to specific features of a face, in particular the eye-gaze ([@B42]). It has been suggested that an *innate* visual preference for faces and eyes subtend this powerful bias ([@B16]). In fact, newborns show a strong visual preference for face configuration ([@B22]), and infants prefer to look at faces with open eyes ([@B13]). This bias has been related to the socio-evolutionary value of the face and the eyes, and it may contribute to the protracted development of the sophisticated human face expertise ([@B31]; [@B24]).

Autism spectrum disorder is a condition of atypical neurodevelopment, characterized by difficulties in social interaction and communication, and restricted interests and behaviors ([@B2]). It has been documented that adult people with ASD allocate less attention to faces and their internal features, in particular eyes, and even mouths ([@B17]; [@B8]). The innate attentive bias that we described above might provoke this attentive deficit ([@B24]). This view could explain the specific behavioral and cognitive signatures of ASD, such as the diminished face-processing ability, the disregard for gaze-information, the unawareness and/or the variable degree of difficulty with facial and gaze cues. A major consequence of this deficit could be an insufficient exposure to the face and the eyes during development, not sustained by automatic orienting.

However, longitudinal studies seem to oppose this idea. One study showed an equally powerful attentive bias to faces in infants at-risk (i.e., younger siblings of children with ASD) that later developed the condition and non-at-risk infants during the 1st year of life ([@B12]). In addition, attention to faces appears to decrease only during childhood and adulthood in ASD ([@B18]; [@B27]). Specific attention to the eye-gaze is present too in infants at risk of ASD, but starts to decrease earlier, between 2 and 6 months of life, in infants that later develop the condition ([@B25]). These results suggest that the primitive attentive bias for faces and eyes might be intact in ASD early in life, but that attention to the face and the eyes might heterogeneously deteriorate across multiple and possibly divergent developmental paths; therefore, alternative hypotheses have been offered to explain the profound difficulties in face- and gaze-processing that characterize ASD.

An interesting hypothesis focuses on general attentive regulation difficulties that might have cascade effects on the social domain as well as the non-social domain ([@B12]). If face-orienting was subtended by an innate bias, it would only be minimally affected by contextual variation; however, if this function was primarily a specialization of a general attentive ability, it would be expected that factors influencing attentive modulation affect face-orienting as well. In favor of this hypothesis, a set of results highlight that the sensory modality of the contextual information attracting the attention to the face and to the eyes is crucial for the characterization of this deficit in ASD. For instance, it has been reported that the visual preference for the face drops in individuals with ASD when a more refined attentive regulation is required, e.g., when the facial information is conveyed by isolated eye-gaze cues compared to more salient cues, such as global head cues ([@B41]), or prioritized by motion cues compared to the static presentation of cues in a sequence ([@B5]; [@B14]). Other results suggest that the attention to the face may be even more influenced by contextual enrichment. For instance, individuals with ASD showed diminished face-looking time with realistic video clips and verbal content, e.g., an actor greeting and talking to the participant ([@B6]), and did not increase the fixation duration on the face when it was moving, as opposed to a still portrait, differently from individuals with typical development ([@B35]). As a conclusion, differences that might shed light on the nature of the face- and eye-orienting impairment in ASD may involve specific contextual cues that integrate with the attentive regulation function.

Even though gaze and motion cues clearly express a focus of difficulty, to date we lack a complete picture of the alteration of face-orienting and gaze-following as scarce information is available on other types of cues, such as explicit cues. The effect of verbal cues -- that often take the form of orders and instructions -- on the attention to the face and the eye-gaze might offer a crucial insight about specific patterns of visual exploration in ASD. For instance, in an experiment where participants were explicitly instructed to look for objects, individuals with ASD showed overall shorter fixations compared to individuals with TD ([@B26]). This result has been related to a higher mastery of individuals with ASD in the visual processing of objects, compared to individuals with TD. Instead, it may be expected that a task involving the processing of faces and eye-gaze, such as reading facial expressions, might be associated with longer fixations, due to more difficult processing ([@B3]); however, this effect has not been investigated yet with the eye-tracking technique.

Aim of the Current Study
------------------------

This study aimed to gain additional insight into the attentional processes involved in the lack of specific attention to the faces and the eye-gaze in ASD. We believe that it is crucial to clarify whether an innate attentive bias for faces is impaired, or the lack of preference for faces is affected by a general-attentive dysregulation. In fact, the contribution of one of these two factors may give a very different outcome. In order to achieve this goal, we measured the face-orienting tendency and the face-looking time in young adults with and without ASD using realistic, dynamical stimuli representing a simple social interaction. Additionally, we included explicit instructions that required that the participant completed a visual-search and a mentalization task, conditions that have not been directly explored with the eye-tracking technique. In our view, a lack of specific innate bias would affect the attention to the face, while deviances regarding other areas of interest would be non-significant. We expected face-orienting to differ between the groups. Regarding the effect of the explicit instructions, we expected that the task instructions might have opposite effects in participants with TD and ASD. Participants with ASD might be less attracted to the face and display shorter fixations' duration compared to participants with TD, even when the instruction focuses on a task that prioritizes the information coming from the face and the eye-gaze. On the other hand, if the alteration lies on a general impairment of attention, we may observe a similar pattern in both conditions simply because the instruction requires a certain degree of attentive regulation. This effect may also be generalized to AOIs other than the face and would regard the visual-search condition too.

Materials and Methods {#s1}
=====================

Participants
------------

Twenty-four young adults with typical development (TD) and 20 young adults with a diagnosis of "High Functioning Autism" (13) or "Asperger Syndrome" (7) participated the study. Experienced clinicians established that the participants met the criteria for ASD as specified in the Diagnostic and Statistical Manual IV (DSM-IV; [@B1]) or DSM-5 ([@B2]), or the Autism Diagnostic Observation Schedule ([@B29]), or the Autism Diagnostic Interview ([@B30]). The essential information about the participants is reported in Table [1](#T1){ref-type="table"}. Wilcoxon tests indicate that participants did not differ in terms of age (*W* = 228, *p*-value = 0.58), the Intelligence Quotient (IQ) as measured with the Raven Matrices (*W* = 90.5, *p*-value = 0.07) and the Socio-Economical Score (SES; *W* = 179, *p*-value = 0.62). Additionally, the IQ of participants with ASD was assessed with Wechsler Scales: as the verbal sub-quotient of the participants with ASD lied within the normative range, we expected an optimal reception of the verbal instructions and included all of them in the analysis. Participants with TD were recruited at the University of Trento; participants with ASD were recruited at the "Laboratory of Diagnosis, Observation, and Education" (ODFLab) of the University of Trento. Written informed consent was obtained from all the participants in accordance with the Declaration of Helsinki.

###### 

Means and standard deviations of Age, SES and IQ (ND, neurodevelopment; SES, socio-economical score; IQ, intelligence quotient; ♀ = female; N = number; M = mean; SD = standard deviation).

  ND    Age \[*M* (*SD*)\]   SES^1^ \[*M* (*SD*)\]   ♀(*N*)   IQ Raven \[*M* (*SD*)\]   Total IQ Wechsler \[*M* (*SD*)\]   Verbal IQ Wechsler \[*M* (*SD*)\]   Performance IQ Wechsler \[*M* (*SD*)\]
  ----- -------------------- ----------------------- -------- ------------------------- ---------------------------------- ----------------------------------- ----------------------------------------
  TD    22.4 (3)             42.1 (11.4)             8        122.4 (8.1)               NA                                 NA                                  NA
  ASD   22.1 (3.8)           43.8 (14.4)             0        118 (10)                  96.11 (11.6)                       100 (15.6)                          101 (14.4)
                                                                                                                                                               

1

Socio-economical score, calculated using the Four-Factor Index of Social Status (

Hollingshead, 1975

). The sample represented a medium status in the Italian population (

Venuti and Senese, 2007

)

.

Tools
-----

### Apparatus

We used a Tobii T120 eye-tracker (Tobii Technology, Stockholm), with a sampling rate of 60 Hz. The integrated monitor had a resolution of 1280^∗^1024 and a size of 17″. The experiment was designed and run through the software Ogama ([@B44]). For collecting the participant's answers, we used a Python script.

### Stimuli

The stimuli consisted of 24 10-s videos, displaying 3 actors seated in front of a neutral wall. The central actor was always a female, while in half of the videos the actors on the sides were both males and the other half they were both females. The central model had only her back visible, and she pronounced a predefined sentence in Italian (i.e., "I will go home next Tuesday. I am going to University with the whole family."). When the central actor started to talk, the two models on the sides shifted their gazes either toward/away from the central model. The other two actors were facing-forward and one of them wore a pen on his/her shirt. The position of the facing-forward actors, the direction of the eye-gaze toward and away from the central actor, and the position of the pen were counterbalanced across the experiment.

During each block, a 7-s instruction preceded the onset of the video and a 7-s answer screen followed the video. The total duration of one block (including instruction, video and answer screen) was 24 s. The three types of instruction were:

1.  Simply watching the video ("Now, simply watch the video"; free-watching condition, FV).

2.  Finding the specified object located on the body of one of the models ("Now answer the question: Who has the pen?"; visual search condition, VS).

3.  Identifying who is listening by using eye-gaze direction information ("Now answer the question: Who is listening?"; gaze-reading condition, GR).

The correct answers consisted in indicating the side of the model wearing the pen on his/her body (VS condition) or that shifted his/her eye-gaze toward the central model (GR condition) by pressing the key A (left) and L (right). The A and the L keys were covered with a white tag.

Each question was repeated on the answer screen above two photographs of the actor, located at the sides of the screen. Each instruction was repeated 8 times in a randomized order, for a total of 24 blocks per participants. Each trial started with one of these instructions, for a total of 8 FV, 8 VS, and 8 GR conditions. For a graphical representation of the stimuli presentation, see Figure [1](#F1){ref-type="fig"}.

![Example of the sequence composed by instruction, fixation cross, video and answer screen. Written informed consent was obtained from the 3 models to authorize the publication of this photograph as a representation of the stimulus used in the experiment.](fpsyg-09-02629-g001){#F1}

Procedure
---------

The participant sat in from of the eye-tracker and the keyboard in a homogeneously well-lit room. The experimenter explained the calibration procedure and instructed the participants to follow the instructions before each video and to press one of the two specified keys to choose an answer when displaying the answer screen. The keys were selected to be widely apart (L and A, respectively, at the extreme right and left of the Italian keyboard). The keys were marked by a white label, highly contrasted with the black keyboard (see Figure [1](#F1){ref-type="fig"}). The participant was instructed to press the key corresponding to the position of the actor on the answer screen (right or left). After instructing the participant, the experimenter sat behind a curtain and monitored the participant's gaze.

Before starting the experiment, the participants performed two practicing blocks without recording eye movements. Subsequently, the experimenter started the 5-points calibration procedure, consisting in a red ball moving between the edges and the center of the screen. The calibration was accepted when all the positions had been sampled (on average, no more than 2 attempts were needed for each participant). The proportion of first fixations landing on the face, the average fixation duration on the face and on the body, the proportional looking time on face, and the percentage of correct responses were calculated.

Data Analysis
-------------

### Preliminary Analysis

We pre-processed the data using the standard fixation filter of Ogama (distance threshold = 35 pixels, samples minimum value = 10). Total fixation durations were calculated within 6 predefined AOIs, (face and body of the models, central model and background), drawn on the stimuli and aggregated in two groups (faces and bodies). The following preliminary and main analysis were carried out in R ([@B34]).

The percentage of correct responses given with the keyboard over the total number of responses was calculated for each subject (accuracy hereafter). By comparing the accuracy between groups and conditions, we ensured that participants from both groups understood the task correctly and were able to deliver a correct response. In fact, Wilcoxon Tests did not show any significant difference in accuracy between participants with ASD and TD (general accuracy: ASD = 87.9%, standard deviation = 12.8, TD = 88.8%, standard deviation = 12.4, *W* = 224, *p*-value = 0.7. VS: ASD = 81.2%, standard deviation = 24.1, TD = 81.2%, standard deviation = 24.1, *W* = 230.5, *p*-value = 0.82. GR: ASD = 88.8%, standard deviation = 16.1, TD = 85.9%, standard deviation = 20.6, *W* = 225.5, *p*-value = 0.71). Furthermore, we analyzed a general measure that is negatively correlated with search efficiency, the number of fixations within the AOIs ([@B20]). The number of fixations on the face across conditions did not differ between groups (FV: *W* = 178.5, *p*-value = 0.30; GR: *W* = 167, *p*-value = 0.18; VS: *W* = 150.5, *p*-value = 0.08) or within groups (ASD: GR vs. VS, *W* = 112.5, *p*-value = 0.01 -- not resisting to Bonferroni correction -, FV vs. VS, *W* = 255, *p*-value = 0.49, GR vs. FV, *W* = 147, *p*-value = 0.15), suggesting that the level of processing difficulty of the gaze-information was similar across groups and tasks. However, the groups differed significantly for the number of fixations on body in the VS condition (*W* = 331.5, *p*-value = 0.005), that was higher than in the other conditions in the ASD group (VS vs. FV, *W* = 111.5, *p*-value = 0.017, VS vs. GR, *W* = 352, *p*-value = \< 0.001).

The average data loss (as measured by the output "Percentage of Samples Out of the Screen" of the Ogama software) within the duration of the movies was very low, with an average of 0.01 (standard deviation = 0.1) in the TD group and 1.6 (standard deviation = 6.5) in the ASD group. The percentage of data loss was compared through the Wilcoxon Test and did not differ between groups (*W* = 271, *p*-value = 0.36). The data loss had inter-subject minimal variation, with a minimum *z*-score of -0.17 and a maximum *z*-score of 0.08 across the two groups.

### Main ***A***nalysis

As the variables were not normally distributed, we performed all the analysis with non-parametric tests (Wilcoxon Signed Rank Tests). To test whether the faces would primarily attract the attention of both groups, we calculated the proportion of first fixations landing on the face (FF%). To calculate the FF%, we selected only those trials where the eye position was recorded on the AOI "Center" before the onset of the first gaze shift (see Table [2](#T2){ref-type="table"}; for mean proportions of FF%, see Table [3](#T3){ref-type="table"}). Participants who displayed less than 3 valid trials were excluded from the subsequent analysis, thus resulting in a final sample of 39 participants (16 from the ASD group, 23 from the TD group). We divided the total numbers of valid trials where the first fixation landed on the AOI "Face" by the total numbers of valid trials where the first fixation landed on any of the other AOIs, i.e., body, central model and background (FF% means and standard deviations are reported in Tables [4](#T4){ref-type="table"}, [5](#T5){ref-type="table"}). We then compared the FF% to the probability of hitting the AOI "Face" by chance (1/total N of independent AOIs = 0.2) and performed group comparisons. A proportion significantly higher than chance indicate that a bias to shift the eye-movement from the fixation center to the face exist. An equal proportion in both groups may indicate that participants with and without ASD showed a similar bias to direct their first fixation to the face. Additionally, we compared the number of trials where the first fixation landed on the face compared to the number of trials where the first fixation landed on any other AOI (with a generalized linear mixed model).

###### 

Number of valid trials per condition for each participants' group (ND, neurodevelopment; ASD, autism spectrum disorder; TD, typical development; FV, free-viewing; VS, visual search; GR, gaze-reading; N, number; M, mean; SD, standard deviation).

  ND    Condition   *N* of Valid Trials \[*M* (*SD*)\]
  ----- ----------- ------------------------------------
  ASD   FV            6.8 (1.42)
        VS          6.47 (1.64)
        GR          6.44 (1.79)
  TD    FV            6.3 (1.74)
        VS          6.87 (1.58)
        GR          6.35 (1.61)
                    

###### 

Mean proportion and standard deviations of FF% by group and condition (ND, neurodevelopment; ASD, autism spectrum disorder; TD, typical development; FV, free-viewing; VS, visual search; GR, gaze-reading; N, number; M, mean; SD, standard deviation).

  ND    Condition   *M* (*SD*)
  ----- ----------- -------------
  ASD   FV          0.44 (0.21)
        VS          0.42 (0.27)
        GR          0.52 (0.27)
  TD    FV          0.37 (0.27)
        VS          0.34 (0.26)
        GR          0.57 (0.23)
                    

###### 

output of the mixed model analyzing the number of trials where the first fixation landed on the face in the two groups.

  Fixed effect         Estimate (logit)   Standard error   *Z*-Value   *P*-value
  -------------------- ------------------ ---------------- ----------- ------------------
  ND: ASD                1.41             0.35               3.98           \<0.001(\*)
  ND: TD                 1.49             0.31               4.67           \<0.001(\*)
  Condition: VS        --1.33             0.28             --4.65           \<0.001(\*)
  Condition: GR          0.49             0.31               1.58      0.11
  **Interactions**                                                     
  ND^∗^Condition: VS   --0.14             0.37             --0.38      0.70
  ND^∗^Condition: GR     0.55             0.44               1.25      0.20
                                                                       

Estimates that are significantly different from 0 are marked with a (

∗

). The estimates are expressed in the logit scale and can be converted to proportions with the formula exp(logit)/\[1 + exp(logit)\]

.

###### 

Mean FD and standard deviations in seconds on face and body by group and condition (ND, neurodevelopment; ASD, autism spectrum disorder; TD, typical development; FV, free-viewing; VS, visual search; GR, gaze-reading; N, number; M, mean; SD, standard deviation).

  ND    AOI    Condition   *M* (*SD*)
  ----- ------ ----------- -------------
  ASD   Face   FV          4.06 (2.16)
               VS          3.77 (1.95)
               GR          5.54 (1.98)
        Body   FV          1.27 (0.96)
               VS          2.70 (1.50)
               GR          0.79 (0.65)
  TD    Face   FV          2.87 (1.20)
               VS          2.67 (1.40)
               GR          3.78 (1.40)
        Body   FV          1.29 (0.74)
               VS          1.47 (0.78)
               GR          0.63 (0.48)
                           

For exploring the effect of task instructions, we examined two aggregated measures: the average fixation duration on the face and on the body (FD), and the proportional looking time on face (LT%, calculated as the Total Fixation Duration on the Face divided by the Total Fixation Duration on all the AOIs; means and standard deviations of LT% are reported in Table [6](#T6){ref-type="table"}). We compared the FD on the body and the face, and the LT% on face between and within groups through Wilcoxon Tests. Both variables account for the adaptation of eye-movements to instructions ([@B20]); furthermore, the proportional looking time accounts also for idiosyncratic scanning differences ([@B15]).

###### 

Mean LT% on face and standard deviations by group and condition (ND, neurodevelopment; ASD, autism Spectrum disorder; TD, typical development; FV, free-viewing; VS, visual search; GR, gaze-reading; N, number; M, mean; SD, standard deviation).

  ND    Condition   *M* (*SD*)
  ----- ----------- -------------
  ASD   FV          0.72 (0.2)
        VS          0.59 (0.16)
        GR          0.87 (0.12)
  TD    FV          0.91 (0.15)
        VS          0.91 (0.14)
        GR          0.94 (0.10)
                    

All the reported comparisons have been selected through Bonferroni Correction (*p*-value \< 0.05/*N* of comparisons).

Results
=======

Proportion of First Looks From Center to the Face (FF%)
-------------------------------------------------------

Multiple Wilcoxon tests revealed that FF% was above chance in all groups and conditions (FV: ASD: *W* = 115, *p*-value = 0.001, TD: *W* = 216, *p*-value = 0.009; VS: ASD: *W* = 108, *p*-value = 0.003; GR: ASD: *W* = 134, *p*-value \< 0.001, TD: *W* = 272, *p*-value \< 0.001). The result of TD participants in Condition 2 was significant but did not resist to Bonferroni Correction (*p*-value \> 0.01). The groups did not differ in terms of FF% across conditions (FV: *W* = 199.5, *p*-value = 0.42; VS: *W* = 209.5, *p*-value = 0.27; GR: *W* = 156, *p*-value = 0.43). The comparison between conditions within each group carried out with Kruskal--Wallis Test was not significant for the ASD group (Chi-squared = 1.2, *p*-value = 0.52); the same test turned out significant for the TD group (Chi-squared = 9.5, *p*-value = 0.008). Additional Wilcoxon tests revealed that the VS conditions significantly differed from both FV and GR conditions in TD with a lesser proportion of first fixations to the face (VS vs. GR: *W* = 33, *p*-value = 0.001; VS vs. FV: *W* = 5, *p*-value = 0.0001). The results concerning FF% are displayed in Figure [2](#F2){ref-type="fig"}.

![Screenshot of one of the video frames with the superimposed AOIs (face, body, centre of the screen).](fpsyg-09-02629-g002){#F2}

Number of Trials Where the First Fixation Landed on the Face
------------------------------------------------------------

Our generalized linear model included group, condition and their interaction as predictors of the number of trials where the first fixation landed on the face. The model allowed for random intercepts for each subject, and no fixed intercept. The model showed that participants pertaining to both groups significantly fixated the face first, compared to other AOIs, in the majority of trials -- around 80% (ASD: estimate = 1.41, standard error = 0.35, *z*-value = 3.98, *p*-value \< 0.001; TD: estimate = 1.49, standard error = 0.31, *z*-value = 4.67, *p*-value \< 0.001). The model also indicates that the probability of hitting the face was significantly lower in the VS condition. However, the interaction between the condition and the group were not significant (see Tables [4](#T4){ref-type="table"}, [5](#T5){ref-type="table"} and Figure [3](#F3){ref-type="fig"} for further details), confirming that the groups did not differ across conditions.

![Boxplot of FF% across groups and conditions. The circles drawn on the box represent the mean FF% by group and condition. The dotted line marks the chance level of hitting the AOI face first. The bracket indicates general comparisons between and within groups (FF%, proportion of first fixations to face; ASD, autism spectrum disorder; TD, typical development; ^∗^, parameter significantly above chance level; NS, non-significant comparison).](fpsyg-09-02629-g003){#F3}

Average Fixation Duration (FD)
------------------------------

Fixation duration (FD) on Body differed significantly between the groups in the VS condition (*W* = 369, *p*-value = 0.001), with longer FD in the ASD group. FD on Face was significantly different between the groups in the GR condition (*W* = 388, *p*-value \< 0.001), with longer FD in the ASD group. We found no significant correlations between the FD and the IQ level of the participants in both groups. The results are displayed in Figure [4](#F4){ref-type="fig"}.

![Average FD within the two groups of AOIs, body and face, across groups and conditions (FD, fixation duration; ASD, autism spectrum disorder; TD, typical development; ^∗^, significant comparison).](fpsyg-09-02629-g004){#F4}

Proportional Looking Time on Face Compared to the Other AOIs (LT%)
------------------------------------------------------------------

The groups differed in terms of LT% across conditions (FV: *W* = 87, *p*-value \< 0.001; VS: *W* = 36, *p*-value \< 0.001; GR: *W* = 113, *p*-value = 0.002). Within-group comparisons showed that LT% significantly differed across conditions in the ASD group only (significant alpha-value \< 0.01; ASD, FV vs. VS: *W* = 157, *p*-value = 0.002, FV vs. GR: ASD: *W* = 13, *p*-value \< 0.001, VS vs. GR: ASD: *W* = 13, *p*-value \< 0.001; TD, FV vs. VS: W = 34, *p*-value = 0.96, FV vs. GR: W = 9, *p*-value = 0.03, VS vs. GR: *W* = 8, *p*-value = 0.09), as shown in Figure [5](#F5){ref-type="fig"}.

![Mean LT% on Face, compared to the other AOIs, across groups and conditions. The top bracket indicates between group comparisons. The additional three brackets indicate within groups comparisons (LT%, proportional looking-time on face; ASD, autism spectrum disorder; TD, typical development; ^∗^, significant comparison).](fpsyg-09-02629-g005){#F5}

Discussion
==========

In the present study, we investigated the state of face-orienting and face-looking time in young adults with ASD using realistic stimuli and explicit task instructions. In sum, our results show that:

1.  Face-orienting was above chance in participants with ASD, irrespective of the type of instruction; the groups did not differ in terms of FF% or in terms of the number of trials where the first fixation landed on the face.

2.  Participants with ASD displayed longer fixation times on task-relevant areas of interest -- face and body. Furthermore, they displayed a greater number of fixations on the body only

3.  The proportional looking time on the face was task-dependent in the ASD group, with maximum proportion in the GR condition, and minimum proportion in the VS condition. The same measure did not vary between conditions in the TD group.

The first set of results is in contrast with the renowned evidence of people with ASD looking less at faces ([@B28]; [@B7]); this discrepancy might be explained by the fact that our stimuli represented a fairly simple situation (compared for instance to the scenes of the movie "Who is afraid of Virginia Woolf?" used by [@B28]). Furthermore, all the participants in the ASD group were high functioning and may have developed strategies or compensatory mechanism to obviate face-processing difficulty. Nonetheless, our result is in line with the evidence that face-orienting abilities are not always impaired in individuals with high-functioning ASD ([@B38]; [@B10]). Considering that the face-orienting bias is (1) documented in infants at risk of ASD ([@B12]), (2) heterogeneously impaired in children with ASD ([@B6]), and (3) correlates with face-processing abilities ([@B9]), we may conclude from our result that face-orienting may either deteriorate in certain subgroups of children with ASD or endure a developmental delay, but it possibly recovers and/or establish compensatory mechanisms in adulthood ([@B4]; [@B32]; [@B39]). A putative mechanism might be the progressive specialization of the face-sensitive areas, whose specialization is not fully accounted by an innate preparedness ([@B21]). Indeed, according to the Interactive Specialization view ([@B21]), accumulating experience with faces is crucial for the refinement of automatic face-orienting mechanisms. In ASD, while the automatic ability to orient to faces is intact, several other symptoms can impede the massive input of face experience and prevent the development of the deputed neural areas and, hence, the development of refined face-processing skills ([@B23]). However, additional cognitive resources, an improved management of symptoms in high functioning individuals, and/or ongoing intensive therapy, can counterbalance the initial lack of experience and start a progressive recovery of face-processing skills.

The second set of results is in line with the hypothesis that difficulties in face encoding and in gaze-processing correlates with a prolonged fixation duration on the face in individuals with ASD, as it has been previously reported ([@B11]). However, we did not observe any difference in the accuracy of the responses. Furthermore, the longer fixation duration was not limited to the faces in the GR condition, but involved the body in the VS condition too, thus excluding a face-processing difficulty. Notably, the significant differences were limited to those AOIs that were relevant to the task (Body in VS condition, Face in GR condition).

The longer FD on task-relevant areas and the variable amount of face LT% depending on the instruction could be explained with participants with ASD taking more time to correctly elaborate the stimulus and to extract from the stimuli the task-relevant information or sticking more to the task and being less distracted by the other available AOIs. In the first case, participants with ASD would perform a higher number of longer fixations because they need more time to elaborate the information contained in the stimulus to reach the same level of accuracy of participants with TD. In the second case, participants with ASD would perform longer but an equal number of fixations because they have difficulty to disengage from the AOI brought into focus by the instruction. With regard to the face, we cannot overrule one of these two explanations, as we did not find increased number of fixations; however, the AOI drawn on the face is relatively small, and all the information conveyed by its elements can be explored without increasing the number of eye-movements. On the contrary, the result regarding the body suggests that individuals with ASD sampled a higher number of positions for longer periods of time for succeeding the visual search (see fixation map in Figure [6](#F6){ref-type="fig"}). It is also noticeable that participants with ASD shifted their first fixation on the face anyway in the VS condition, while participants with TD did not prioritize the face in this condition (i.e., FF% is not significantly above chance) -- suggesting that participants with ASD might have had less task efficiency. One of the implications of this results may be that, when their attention is explicitly drawn to objects, persons with ASD may take longer for elaborating the stimuli and end up disregarding other visual items -- faces and their components included, such as the eyes. This fact may be problematic for people with ASD, as extrinsic events often disturb social interactions and social partners highlight external objects with gestures and utterances. Once an object captivates their attention, a particularly difficult task may arise for people with ASD, as they need time to elaborate and flounder to shift their attention back to the face and the eyes, with all that this implies. Moreover, this peculiar attentive style may be reconnected to the description of the defective "zooming-out" of the attentional focus and the overly circumscribed orienting tendencies in individuals with ASD ([@B36]; [@B37]).

![Fixation map on the task-relevant AOIs (faces, bodies) across the experiment, superimposed on one of the video frames. The size and color of the fixation indicate the duration of the individual fixation.](fpsyg-09-02629-g006){#F6}

Conclusion
==========

In the current study, we did not record any difference in face-orienting in the presence of explicit instructions and with dynamical, realistic video clips of a social interaction: this result suggests that the orientation to faces and eyes might undergo compensatory mechanisms that are acquired and refined thanks to the accumulation of experience with human social partners. On the other hand, the average looking time was prolonged on task-relevant areas not limited to the face and the eyes in all the experimental conditions -- observation that could be explained by general processing difficulties in young adults with ASD. The major implication of this interpretation is that this alteration of a domain-general difficulty might have even more massive cascade effects compared to the alteration of a domain-specific function, such as gaze-processing. In fact, a child that that is not able to "zoom-out" might miss interaction opportunity, overly focus on complex environmental stimuli, and even become upset if the prolonged focus of attention involves distressing stimuli. This picture overlaps with existing reports of the orienting tendencies of individuals with ASD, i.e., less responsive and prone to distress ([@B45]). Future research could investigate the transversal effects of these defects. We believe that our result (of task-dependent fixation with two tasks that involved completely different goals) might constitute a first example of this case.
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